Background: Common carotid artery (CCA) ultrasound with measurement of intima-media thickness (IMT) is a safe and noninvasive technique for assessing subclinical atherosclerosis and determining cardiovascular risks. Moreover, the pattern of wall thickening in the brachial artery (BA) is rather diffuse compared to the carotid artery and may be a more sensitive indicator of long-term systemic exposure to risk factors. Therefore noninvasive evaluation of mechanical parameters changes of both arteries has gained the attention of researchers. Objectives: The aim of this study was to compare different edge detection techniques with speckle reducing anisotropic diffusion (SRAD) de-noising filter in ultrasound images of both arteries.
Background
Ultrasound imaging is broadly used to show carotid, femoral, brachial and other peripheral arteries. There are several important benefits of using ultrasound in comparison to other techniques. Most importantly, B-mode ultrasound imaging is non-invasive and allows real time conception of arterial morphology, which is not currently possible with any other imaging tool (1) . Furthermore, the non-invasive nature provided by B-mode ultrasound imaging and its low cost has allowed the use of this technique for more clinical studies, which show a major relationship between carotid intima-media thickness (IMT) and cardiovascular disease (CVD) (2) . Ultrasonic B-mode images from IMT of common carotid artery (CCA) are used broadly as a measure of atherosclerosis and in studies on atherosclerosis as the determinant of CVD. Carotid IMT has been shown to be related to cardiovascular risk factors, current CVD, and atherosclerosis in the peripheral coronary, femoral and brachial arteries (3) . Ultrasound images edge detection is important for recognition of IMT in CCA and brachial artery (BA). Generally, edge is detected according to algorithms such as Sobel, Roberts, Prewitt, Canny, and LOG (Laplacian of Gaussian) operators (4) , yet in theory they consist of high pass filtering, which are not appropriate for noise ultrasound image edge detection because noise and edge belong to the range of high frequency (5, 6) . Naturally, an ultrasound image includes more noise content, especially speckle noise, than any other imaging modality (6) . Speckle is the artifact caused by interference of energy from randomly distributed scattering objects which reduces image resolution and contrast and blurs essential details. Therefore, speckle noise suppression is an important requirement whenever ultrasound imaging is used (6, 7) . Speckle is not a kind of additive noise, it is instead a form of multiplicative noise (8) .
Traditional speckle removal filters, like the Lee filter and Frost filter have greater restrictions in edge and characteristics preservation (9) . A noise reduction filter such as conventional anisotropic diffusion is not appropriate for speckle suppression (8) . The conventional anisotropic is not appropriate for multiplicative noise-including speckle and it is instead effective for additive noise. Yongjian et al. first introduced the speckle reducing anisotropic diffusion (SRAD) filter (9) . The SRAD filter joins both the additive noise reduction anisotropic diffusion filtering process and the adaptive speckle (multiplicative noise) filtering process (9) . It makes the generation of image scale area possible (a set of filtered images that alter from fine to coarse) without bias and with filter window size and shape (9) . The SRAD filter not only protects edges but also enhances edges by eliminating diffusion across edges and allowing diffusion on either side of the edge (8).
Objectives
The aim of this study was to compare different edge detection techniques with SRAD de-noising filter in ultrasound images of common carotid and brachial arteries for optimum removal of noise with preservation of edges.
Materials and Methods

Edge Detection
The edge detection process involves small kernels that convolve with an image to estimate the first-order directional derivatives of the image brightness distribution. Kernels are pre-defined groups of edge models that match each image segment of a fixed size. The edge value is calculated by forming a matrix centered on each pixel. If the value is not smaller than a given threshold, then the pixel is categorized as an edge. All the gradientbased algorithms have kernel operators that estimate the edge strength in directions, which are orthogonal to one another, generally vertically and horizontally. The contribution of both parts are combined to give the total value of edge strength (10) . Edge detection algorithms are grouped into two categories, namely, gradient operator and Laplacian operator. The gradient operator detects edge pixels by obtaining the maximum and minimum value at the first derivative level on the image. The classical gradient operators selected in this work are Sobel, Prewitt, Muthukrishnan and Radha (11) . Laplacian operator is a second order derivative, where the value of edge pixel at the first derivative is referred to as zero-crossing at the second derivative (11) . The operators are explained below.
Sobel Operator
The Sobel operator (11, 12 ) is a discrete operator, which computes the gradient for intensity changes at each point in an image. These kernels are designed to respond maximally to edges running vertically and horizontally relative to the pixel matrix; one kernel for each of the two perpendicular orientations. The gradient magnitude is extracted by:
S x and S y are gradient parts for the horizontal and vertical edge orientations. Typically, an approximate magnitude is computed using (Equation 3).
Equation 3
This is much faster to compute. The angle of orientation of the edge (relative to the pixel matrix) giving rise to the spatial gradient is extracted by (Equation 4).
Equation 4
Roberts Operator
The Roberts operator (13) performs a simple, quick to compute, two-dimensional (2-D) spatial gradient measurement on an image. The operator consists of a pair of 2*2 convolution kernels as shown in (equation 5A and B).
Equation 5A
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Equation 5B
The 2 × 2 kernels for Roberts operator (Rx and Ry are gradient components for the horizontal and vertical edge orientations). These kernels are designed to respond maximally to edges running at 45 to the pixel matrix; one kernel for each of the two perpendicular orientations. The kernels can be used several times in the input image, to create independent measurements of the gradient component in each orientation (Rx and Re). The gradient magnitude is extracted by (Equation 6).
Equation 6
The angle of orientation of the edge (relative to the pixel matrix) giving rise to the spatial gradient is extracted by (Equation 7):
Prewitt Operator
Prewitt operator (11, 13 ) is a discrete differentiation operator which functions similar to the Sobel operator, by computing the gradient for the image intensity function. The Prewitt edge detection operator is used for detecting vertical and horizontal edges of images (Equation 8 A and B).
Equation 8A
Equation 8B
The 3 × 3 kernels for Prewitt operator (P x and P y are gradient components for the horizontal and vertical edge orientations).
Laplacian of Gaussian (LOG) Operator
The Laplacian is a 2-D isotropic measure of the second spatial derivative of an image. The Laplacian of an image highlights districts of rapid intensity change and is therefore often used for edge detection. The Laplacian is often used for an image that has first been smoothed with something approximating a Gaussian-smoothing filter in order to reduce its sensitivity to noise. The operator commonly takes a single gray level image as input and produces another gray level image as output. The Laplacian L (x, y) of an image with pixel intensity values I (x, y) is extracted by (Equation 9):
Equation 9
As shown here, the input image is illustrated as a set of discrete pixels; a discrete convolution kernel can approximate the second derivative in the definition of the Laplacian. Three commonly used small kernels are shown in below equations 10 A, B and C:
Equation 10B Equation 10C Three commonly used discrete approximations to the Laplacian filter. Since these kernels are approximating a second derivative measurement on the image, they are extremely sensitive to noise. To indicate this, the image is often Gaussian smoothed before applying the Laplacian filter. The Log function centered on zero and with Gaussian standard deviation (σ) results in the following equation 11:
Equation 11 3.1.
Canny Operator
Canny edge detector first smoothes the image to remove noise and then determines the image gradient to highlight regions with high spatial derivatives. The algorithm then tracks along these districts and suppresses any pixel that is not at the maximum (non-maximum suppression). The gradient array is now more reduced by hysteresis. Hysteresis is used to chase along the remaining pixels that have not been reduced. Hysteresis applies two thresholds and if the magnitude is lowers than the first threshold, it is adjusted to zero (made a non-edge). If the magnitude is not below the low threshold, it is made edge. Furthermore, if the magnitude is between the two thresholds, then it is set to zero unless there is a path from this pixel to a pixel with a gradient above the second threshold.
Despeckling Techniques
Speckle Reducing Anisotropic Diffusion
The speckle reduction anisotropic diffusion (SRAD) method (15, 16) is used directly for suppressing speckle noise in ultrasound and radar images. The SRAD method uses an instant coefficient that is a function of local gradient, magnitude and Laplacian operators. The SRAD method is based on a partial differential equation (PDE) that includes the imaging gradient, Laplacian and image intensity. The SRAD equation is presented below (equation 12):
Equation 12
Where q is the diffusion time index, Δt is the time step responsible for the convergence rate of the diffusion process (normally in the range 0.05 to 0.25), g ([]) is the diffusion function and is given by Equation 13 and 14.
Equation 13 Equation 14
Where is the measure of speckle coefficient of variation in a homogenous region of the image.
Study Population
In a cross-sectional design, an examination was performed on ten men with a mean age of 40 ± 5 years from September 2012 to March 2013 through random sampling. None of the subjects had a history of hypertension, cardiovascular disease, diabetes mellitus or tobacco abuse (17) . All subjects provided an informed consent prior to participation in the study. This study was approved by the ethics committees of Kashan University of Medical Sciences and Beheshti Hospital (Iran; Code ethical approval, 9139; Approval date, 05/08/2012).
Ultrasound Studies
In our study, before ultrasonography, the subjects rested for at least 10 minutes in the supine position until their heart rate and blood pressure reached a steady state. Blood pressure and heart rate were recorded with an oscilloscopic blood manometer σ (ALP K2, adult cuff, ± 1 mmHg, Tokyo, Japan) and a wrist manometer (Microlife, ± 3 mmHg, Germany) on the left brachial and radial arteries with the subject in a supine position, respectively. The left common carotid of the subject (2-3 cm proximal to the bifurcation) and the left brachial artery (3-5 cm upper than elbow) were examined with a Sonoline Antares (Siemens, Bavaria, Germany) ultrasound system equipped with a 5-13 MHz linear transducer. All measurements of both arteries were done by a single operator to eliminate inter-observer variability (19) . The audiovideo interleaves (AVI) format of the consecutive images of the common carotid and brachial arteries with a frame rate of 43 frames per second was captured from the hard drive and transferred to a PC for post processing. The recording contained 90 frames while the left common carotid and brachial arteries were scanned in the longitudinal direction (Figures 1 and 2) . A program was designed using the MATLAB software version 7.01 (Math Software Co., Math Works, USA) to extract consecutive images in the joint picturing expert groups (JPEG) format from the AVI. This software provided the image dimensions (the size of images were 547*692 pixel2), image type (B-mode), dynamic range, gray level, depth of focus are 55dB, 0 to 255, and 3.5 cm respectively (18) . However, the Sonoline Antares ultrasound imaging system has no quantitative indicator of grayscale mapping and compression curve settings. We think that both are preselected by the machine when probe and application are selected at the start of each examination. Also, when the user selects vascular preset from the menu, the optimum-processing curve (grayscale mapping and compression curve) is probably selected automatically. A vascular preset from the menu was used for all the experiments. Another program was designed in the MATLAB software to apply region of interest (ROI) with a size of approximately 53*42 pixel 2 on the intima-media thickness of the posterior wall of common carotid and brachial arteries (19) . Then, different edge detections (Sobel, Prewitt, Roberts, Canny, and LOG) and SRAD noise reduction filter were performed on the ROI, separately.
Finally, the program measured mean square error (MSE) and peak signal to noise ratio (PSNR) (Figure 3 ). The MSE of the output image was defined as (Equation 15):
Equation 15
Where X (i, j) is the original image, is the next image in sequential images and MN is the size of the image. The PSNR was defined in equation 16:
Equation 16
Where L is the maximum value and MSE is the mean square error. 
Statistical Analysis
All the data are expressed as mean values. The data were tested for normal distribution and homogeneity of variance by the Kolmogorov-Smirnov test (K-S) and Levene's test, respectively. The statistical significance of mean values of MSE and PSNR from edge detections with all filters was assessed by the ANOVA test. The post-hoc test used was the Tukey's test. A P value of < 0.05 was considered statistically significant. All of the statistical analyses were performed using the SPSS software (SPSS V.11.5, Inc. Chicago, IL). The maximum sample size for the analysis of variance (ANOVA) was estimated from equation 17.
Equation 17
And was sample size, non-centrality parameter respectively λ was estimated with a confidence level of 95% and power test of 80%. The value was calculated from below equation 18 A and B:
And were number of groups, standard deviation, mean of each group, and overall mean (22).
Results
The ultrasonic examination of the left common carotid and brachial arteries of ten men (aged 40 ± 5 years) with no history of cardiovascular disease, hypertension or diabetes was performed. They had the following characteristics, body mass index (BMI) of 26 ± 2 kg/m 2 ; systolic pressure, 127 ± 19 mmHg; diastolic pressure, 80 ± 6 mmHg; heart rate (HR), 74 ± 8 bpm (beat per minute). The results of different edge detections and SRAD de-noising filter are summarized in Tables 1, 2, 3 Tables 1 and 2 show that the lowest values of MSE and highest values of PSNR are achieved via Canny edge detection with de-noising SRAD filter for IMT of left common carotid artery in 90 frames (the temporal resolution was 33 milliseconds). According to the MSE value, there was a significant difference between Canny edge detection status and Sobel, Prewitt, Roberts and LOG edge detections statuses (P-Value < 0.05). Considering, PSNR value, there was a significant difference between Canny edge detection status and all edge detections (Sobel, Prewitt, Roberts and LOG) statuses (P-value < 0.05). Tables 3 and 4 show that the lowest values of MSE and highest values of PSNR are achieved via Canny edge detection with de-noising SRAD filter for IMT of left brachial artery in 90 frames (almost three cardiac cycles and the time of cardiac cycle was 0.7 seconds in each cycle). According to MSE value, there was a significant difference between Canny edge detection status and all edge detections (Sobel, Prewitt, Roberts and LOG) statuses (PValue < 0.05). Considering, PSNR value, there was a significant difference between Canny edge detection status and all edge detections (Sobel, Prewitt, Roberts and LOG) (P-Value < 0.05). 
Discussion
Nowadays, intima-media thickness (IMT) of common carotid artery is considered as an important value for prediction of cardiovascular diseases. Therefore, precise measurement of IMT is important to assess the risk of cardiovascular events or to evaluate their progress (1). Moreover, Weidinger et al. showed that assessment of brachial artery that is less prone to symptomatic obstructive disease compared to other arterial beds (carotid, femoral) might have some potential advantages. First, changes of function and morphology can be detected in the same artery. Second, the pattern of wall thickening in the brachial artery is rather diffuse compared to carotid artery and may be a more sensitive indicator of long-term systemic exposure to risk factors (23) . Therefore, we studied these arteries (CCA and BA) in our research. Edge detection in ultrasonic images is important for recognition of IMT in CCA and BA. Edge detection operator is a mutation in the nature of the image to test the edge. Conventionally, the edge is detected according to algorithms like Sobel, Roberts, Prewitt, Canny and LOG (Laplacian of Gaussian) operators (4) . The use of the Sobel edge detector is somewhat difficult compared to the Prewitt edge detector. Prewitt edge detector is slightly simpler to implement computationally than the Sobel detector. However, it tends to cause slightly noisier results (24) . Roberts edge operator is one of the oldest and simplest edge detectors in digital imaging (25) . It is still used frequently in hardware implementations where simplicity and speed are dominant factors (25) . The disadvantages of these operators (Sobel, Prewitt and Roberts) are sensitivity to noise in detection of the edges and their orientations. The increase in the noise of the image will eventually degrade the magnitude of the edges (5, 26) . The LOG is often applied to an image that has first been smoothed with something approximating a Gaussian-smoothing filter in order to reduce its sensitivity to noise (27) . The disadvantage is that it reduces the accuracy in finding out the orientation of edges and malfunctions the corners and curves, where the gray level intensity function varies (27) . Canny has three criteria for the evaluation of performance of edge detection (24) . The first and most obvious is low error rate. It is important that edges occurring in images should not be missed and that there should be no responses to non-edges. The second criterion is that the edge points should be well localized. In other words, the distance between the edge pixels as found by the detector and the actual edge should be at its minimum. The third criterion is to have only one response to a signal edge (25) . This study showed that Canny edge detection with SRAD filter is better than several commonly used edge detections with SRAD filter in terms of speckle suppression and details preservation in common carotid and brachial arteries ultrasound images. The present study is in agreement with many other studies (23, 28) . Using the automatic method for measuring the intimamedia thickness in B-mode ultrasound images was easy and highly reproducible (29) . Additionally, the duration of image processing was considerably reduced, and the variation in results seen with manual tracing observers was IMT changes in the common carotid artery (29) . In this study, we used the computerized analysis method to detect the dynamic mechanical properties of both artery (carotid and brachial arteries) walls in three cardiac cycles. A few investigations have shown that changes in IMT occur during a cardiac cycle (30, 31) . Selzer et al. showed that common carotid was lower during the peak systolic period compared to the end of the diastolic by an average of 5.3% in 24 individuals (32) . Another study showed that the average change in carotid IMT during the cardiac cycle was 0.041 mm (33) . Hence, the present study assessed different edge detections with SRAD de-noising for ultrasound images of common carotid and brachial arteries in 90 frames (almost three cardiac cycles). Moreover, reduction of noise was utilized on ultrasound images of IMT in both arteries (carotid and brachial arteries). Finally, our study may provide more comprehensive information than other previous studies in which edge detection was done only on one frame or one artery. However, a limitation of this study is that SRAD filtration is a time consuming process for ultrasound images. Another limitation of the current study was the translational movement of common carotid and brachial arteries, which are related to probe movement during scanning and suppression of artery pulsating movements. However, we tried to make these movements as low as possible. According to IMT changes during the cardiac cycle, the present study assessed different edge detections with SRAD de-noising filter for ultrasound images of common carotid and brachial arteries in 90 frames (almost three cardiac cycles). Based on the result, by measuring the MSE and PSNR, this study showed that Canny edge detection with SRAD filter is better than other edge detections used with SRAD filter in terms of speckle suppression and details preservation in common carotid and brachial arteries ultrasound images.
